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t. 

ma&iomm it ixmar y msm&mtt 
t. 

tm%ttmtm&ftLZfm7y?knnmzmm-?z> w 
wsxmt.tzm.zti* minmimtiimimmt 

mm&w. 

tw* o . *»o i5fem&iiBuiEf?imtt$<?> 20 
TizBis&tifzt ff)x-hh z t Sr^s k ?z>mm 3 1 

y-fe;l^fc i k *®®iktmim5 \,zftM<7> 

>mwm.. 30 

?hhzk£msLk^z>m$mi%^i6<D^-ftifri 
mtzmLcvmfcgm.. 

immi ^im^LL'mw&.ny'y^mm-h 

mt7y?(r)±M*:mommmmmm-&x&k. 
mi^wmi&htmiTy ^eswrsw-iti 

msis^-rsist. 40 
m&m&$?m!2^#mimm-thxnk *w 

[0001] 

^-WtS^ttte ^Tizm&^tlfzTyyk TffifiK? 
[0002] 50 
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[0003] * u ««wiMWk«)fc»ictt. eaa 

^tl)f^XtMDRAM(Dynamic Ra 
ndom Access Memory) CtJ^TU, 
S«-fb5^ix^-C3^T'4<gcoxe-HT'ji«>A>nT^ 

[00 04] DRAMttiV^li. -^tn**Kis9k 

h^yy'x^fcHStWt'J*** 1 ifcJiOOfpg 
[0005] iOfcftlcUU ( 1 ) *Ws9Wm& 

<r>m*m<s-h. < 2 ) m&£mh***i/9Wfii. 

[ 0 0 0 6 ] ( 3 ) fcttLTti. .iM^tA-y 

m(Tai 05 ) . 3&<Clif-*>lfe/<!J9.fc-.X 
r-Oi^A ( (Ba, Sr) Ti 03 ) k^-otMSi 

mmmvmzjmmiiti. *tihcomm>mmiz£& 
coma. tawawfc^yaykjHfiLT. mawi 

0-10 0<gggSV*ttQ£t>O. 
[0007] ( 1 ) <0**^*B**ffll<&»Hfc^ 

XL&ol8lWm&tLX%X^&. Xr>XZ<D**rt 
[0008] ( 2 ) a^'ti^BftattftrTtt* ffefc 

©Wf-^tj^lBB*^ ^ya^aKtav^i*© 

±t«^±ff -&x^-y ^fi^^ts^ ^^rk'eo J: o ^:^m 
ifik btlXtlt. ^^*h*.y hfrbwni'v vmcom&co 

*v'* : sfim7n*A^nnMii t mBLX^&. Z<T> 

tzib. ( 3 ) onmmmzm Lt&**is*tmi 
tf&zti&tzmix^z. 

[ 0 0 0 9 ] -3k miftitKftHJi] t^^»^tt^ 
CUTMSUMUM^e'J (FeRAM: Ferroe 
lectric Random Access Mem 
ory ) OH%ftfitilLl'CVi&. FeRAMIl DR 
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[ooio] ( i ) ffi&wsarc* o . &v 

^J^^-TSCltT'DRAM^^l 0 0 n sJ3lT<0# 

t&Kwmm®.. < 2 ) ^nmj* vx\ sr am 
< . mmmm < sBTSrt*) , ( i r 

O, s RuO, . SrRuOs &fc') £j&thZ.bT 
10»B£l±anin& <4)SWCiS*^»SHb&» 
T'£. DRAM2: ^HU^: k*^* 10 

(5) rta5<os^a*mffS:2vggt-rs^t* j 
t* , mmrnjix-mm-z . ( 6 ) ? >?jkt?±x 

[ 0 0 1 1 ] F e RAMT'te, *^v*3$WCP ZT 
(Pb (Zr, s Tii-, O3 ) , BIT (Bi 4 Ti 
3 O2 ) £1z\ZS BT ( S r B i 2 T2 O9 ) %b'(Dtt 

tLT«!W$^TV^Si?S««cBSTt|5ia-C*)l.. 20 

[0012] ^n^«^»±. 

i&mm. IS&TCOI n-s i tuJg&ftTn-feX&i; 

00-700 icgjs^as^te^kco^y^fc =5r s . 

[0013] «R#&2: L?lil>~f 3 y 

a. MBE^if^aco^rffi^m^itT 
U3>*< % ItJimSfVC^&fccOT'te, MOCVD3U X 30 

SfJSS (CSD : Chemi ca 1 Sol 
ution Deposition) . 

[0014] mxnmm^msmmmxhh p z 

Ti:SBT^ttoT-eo«Fat-9V^Ti)iB^-|». & 

fmtmnL&^mx-i>Kimih*> mm®) . 

[0015] mK*&WM>m*T+ . -comffittas, 40 
mmzimt&ztvx'Z. zomzxtomw 

0, lfcSttS^S. DRAMfcHtlT/lC ( 1 h 
S«-CI±^Sttit(6l±$-a:l./v:i6t±fc2T/2C 
[ 0 0 1 6 ] F e RAMtUfgtffifflSilT^&SSSIfl 

immi. pzt (Pb (zr, Ti-, 03 )m&. s 

BT ( S r B i 2 Ta 2 Os ) 8BIT'J>£. fm<DPZ 

t«. fePafc^tfeoorgrefc^i:. #«itta< 

*#<3t©tt&irC2 0/2C/cm* ggT'fc&Cli:. 50 
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t*x'js^i&!afci3vvc#&o fc^i»i^)m#ffcj> 
aitmwjt&w/hs ^t:tf>&wEX'ftmKmt*im% 
a.zr/Ti ffljautt i 0 &&mg.<r>Mmm t 

*l^fl^A^ rfcDftfftSPbSrSr. Ba.C 
a. La^rfc*<7)7cST\ BlM rfcBfHfftSZ r • T i 
^Nb^W.Mg.Co^e^i. Mn&fc'<97cH 

xww&&ztm&x'h*). ^tumsum. mma 
tt. sssstwtttt;:^ < mm* -r t zzm&t ix 

[ 0 0 1 7 ] p z Tit$.<frL>mwutcomtf%ztix 

. fttt^F eRAMt Lxmrnfoztitzttrnxb 

l. Z&b LXii. »£^0&tf>ttmitctf d#ffi*?> 
[ 0 0 1 8 ] P Z TK0*«Hi» P t «g#ffifc^$ 

h. Pbte^fxin ytm.<?>~mx'bhtzthiiz. m 
[0019] ztiizKL. m9m&*v>t*e)imsHz£ 

-ft, mrnmZixx^tzPXW&frhi ro, KcklSUk 
[0020] — Sr, ^#cosbt«, pzT<r>h-yms 

tzMmXhh. S BT(iB i M&itafta (Au r i v i 
llius Phas e) <0— S-C&oT, 3S^1Ht<7) 

ssrBij 02 mmvmim*i>r>. 
[0021] cwm&mmzj; *)±t:&ftmmiicmt 

m.^zx -5 x zmwmsfrh . 
[0022] s *T\mmjmx-h& b i *^ii<^o 

Ti, m^fSrli^SS^^LSflcliBi^tMt^ 

\,\ flES^tLW^Ti^it^V^tiW 
S!)fc$itTV^. L*-L. SBTttPZTfcit^T^a 

[ 0 0 2 3 ] JJLh-CiiHBL^J: 3^ism«cw« 

Srf Offl F e R AMco-fe/^itTJi. ^f-v^'y^cOi 

F e RAMT\iZcr>mkm<D*7*;v bSfitit-Sr^oT 
[0024] ±iE^7-b -y hSfi}JS(Ci5^TI4. ^A-^* 
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mifctk'iXiitiZKcmmwmtK^x^z,. 

[0025] ZtllZftLX. Wt&X-lti <9®&<7)&^F 
eRAM£im?l«. Ty^iZ^^isftSM. 
•fhCOV (Capac i tor On Plug)i 

fecmmflmtiixh&^x^h. 

[0026] Z flit b y >i?X9<n^&m*t>®®Z 10 

fi-cw^s i frhKhryrtf^vrtisfwriztihi* 

COX. DRAMCOZ? / 0>tg& tmmiZ 
*)Wt X£'h3 < -fh Z t tfX* h . 

[0027] zzx. ^n^mrnmcommco^ 
M^Miza^ximmxmm±-t^£mtfih*). * 

WW&&S,W>R I E (Reactive Ion Etching) JnXI 

gfe l < \£Tyx 7C v d iz x h mmcotmxmx^ 

ttmw^Txcofmmtf&mtzz . 20 
[ 0 0 2 8 ] u> mmmttwmvFX'co 
mmtomz. ^v^tw^coTyytmftZixxa 

3l«0COPfi|i5C0FeRAMTJi. ftftfc^-V/^^S! 

mftmcofmt Tyrcomtmg&zmmzm&z t a* 

5 ^£)&S; Lfc&lc^-WNV 9 ZBfRtZ tv^ro-fe 
AfcfcS. Ta2 0s . (Ba, Sr) Ti 03 ^<7)ft 

wgrnm^'^r^mizmLtix?-,?®. 30 

DRAMfciSftLfc. 

[0 0 29] £^J3&l^£[I|^i>*:#>t;:. TiA 
IN. TiN, T aS iN%t'C0tf®frt>%&fV)7m 
COB®., I rOa . I r s Ru0 2 . Ru5:t'W» 

[ 0 0 3 0 ] £iz. ZWi'fcOR I E tsnrt-VO) 

^fl^rn^xfc&WtSSfiTV****, CMP (Choi 
icalMechanical Polishing) iW^tty^^iXXM, 

mmtmmm. mmi*®imuzmrcmm-t 
hzttfb&tubiz. tzcouftX'coKmimmt* 

S. Witt. PZTfcSiOj b\imz£*)®tfyXt: 

B&ix%mttzmL<£{LZitm®j} t f>i>. 

[0031] 

[»B8* { 8?^U«t^fri.ll!iai]±^WiD<, FeRA 50 
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^fcJBfcLfcftfc. *V<->? ZBtfL-r$> (Ty?WE 
[003 2] U»L3r#<5>, ^Hcd»»ui(cJ;oTT 

v^Ks* { *-3)t. i^id^raffltt, Ta 2 05 m<r> 
nmrnttt®z**^>?mito®izm ttzx? y ? 

SDRAMfct3PfcL>t. 

[0033] ZCOX 0 ^raMSrJS^-rS^attVK^ 
S:-?*: 1 ?. KflJtfcllttMIL 8f^fWgfc<Ojgftl!iftW- 
[0034] *&HfJ{i s H±»<fc J: d^3fc<D7-7^ 

t-n»cfc<i. Ty7/mmak*mtfLLtz&. warn 
wm^x-msm^-mt-tt^zm^iMTy 
7<rmitzm!Miz&]±T$ &¥®mm&*:vz<m 
iirm£$km-tz>ztizh&. 

[0035] 

[0036] ±mm&m$.-t&t:ibiz. * 

m&<?>Tyyt. mi7yrcr>±mzmomvm® 
wmimmmzitLxmiryytmrniztm 

■f&-mtt:ffittzZtt:¥mt-$-h. 

[0037] ttz. *%mm2>mmm&mw\i. * 
mftmLkiz&tfLztitzmm&coTyyt. m&yy 
<r>mm.om5mm.. mimivmmzitLxm 
m7y?tnsmizmmi-hw&t. msdMm±.izm& 

t*ffiz.izzt*mitTh. 

[0038] zti^cr>*miiz&&¥mmim.<r)i&3. l 

[0039] ( 1 ) mmryyu.. tmmim&m 
w£B&&tuz b y> ; jz?<7)r&&m®izmmMzmm 

Ltii>c?>X'f)&. 

[0040] ( 2 ) ±IE ( 1 ) fcfc.vt. fffSIEgfcJ: 

t. 

[0041] (3)±E(2) iZ&^X. fflB**Ki' 

zmitz. *m/&*v)wzz&n>i><r>x-bh. 
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[0042] (4)±1E(2) fcfcvvc. fufMr-WNv- 

[0043] ( 5 ) m&stttMmmmmi. ioon 

mWT. fiF^L<t±2 0n m &.TX*t>h . 
[0044] ( 6 ) miTyfcomt IX. MIKX 

[ o o 4 5 1 1 tz. *m£&&*mto$m0>m&mti 

[ 0 0 4 6 ] ; .1 T\ f^flrfc^lUi. xn«, 
*&V%«CVDffitJ:-5Tm-ri.^fc* { T#S. Fe 

fcUicvDffi#3iLTv>l>. fcfc'U jttft*Sll0)£ift 
3fr8ji:LTt2. CVD£t;:|&5££ixSi><9 

[0047] *ws§fcj:;Wf . 77r/wmmz&t 30 

[0048] -e<o*s*. ttftMHSBtfofcausaai 

sv^*i£H£«iJW-s£i:* f »rtefc$r4. «i.tr. 
etieffi&KS ut c o pim&rt & f e r am*> 

[0049] CKOaOFeRAMtffiffl^nSft^W^ 40 

3fcfsm§itePZTig^sBTigT'j>£. ztihemm 

l^H^TTco#6Kffib&*ST*S . 
[0050] tZbtf. ISmm^X ->X*Ws9 

y®w&<&mm.L. %<r>y<r>Tv7ifm£ixx 
mkMtmr--Mfimxx'f>r>t:. mz. tsjytt 

J:"JSv«K**Si:-t4SBT»wa^fcttCOP«! 50 
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a<oaffll±J9B8$£i8LT^£. LfrU 
ifttf. ittlSJ£^fcJ:oTT5^i^£3^tro 

dt*^TIIi:^0. ioTflStt^SV^FeRAM 

[0051] xmxQiMi&wizzeMcomtmm 
%m.u. &mm<?)SMt5*i/mMMizj:^xwt> 

i)Hz%&X't>?>d. 
[0052] 

[0053] (mi<ommm) mut. *mmmi 

mx$>t . immm\£*mte c o p«js<of e r a 
M-tMzmmtt:mxh&. 

[0054] t-f. HI (a) tZ^tXoiZ. Pffi^U 

3 yms. i o oio^ffl<7) h7>i?x?%&mmw<?>m 

*J®«LCT^H4MBR« 1 0 1 * JgjS;-f S (Sail 
ow Trench Isolation). 
[ 0 0 5 5 ] acfcPia (a) (Sjrf X-f vf* 

Mi&rtM'VX'&h. *t\ IS»fl:tJ:>)ff$6nmC0 
y'J 3>flMIJI 1 0 2 * PSv'J 1 0 OCDSIffi 

fc®j£U &WCati!l£K-TL*:n* l^ISS^ D n 
yHl0 3££ffl(;:l&£U £tlCn* S^te^'Jr? 
y^l OSit^y^f^yt^f HKl 04. 

^vmmiQ5*wmfct&. l*^^. n + m$> 

*g H B B ^'Jr?ylS10 3. ^y^f^'Jt>( KIS10 

4, isvaymmi 0 5*n%<?>%v7 : 77i-mt5 

itXRiE^tiOJniL. y-hSBil 0 3. 104 

fl$U0 6££iBfc*£«U RI E»Cil,08^L<O# 
^tc J: -pT , y- hWBkl 0 3 . 10 4 

^y&Amaxr/mm (r-->v) izx^x. m<o 

V-X - b' W y^JS 10 7 ZBfS£t& . 

[0056] i(b) t^-txg^atr. ^-r. 

-e<o^-flcMPSt.fcowts:ff-?T*^. ±ieiw 
os h^y^'x^io-^y-x • km y^tsi o 7 

fcSKi-rS 3y??h 10 9 SrS?L-tS . 
[0057] mzX/S y l^liC VDffit J: OS 

V^^^ISSritaL, 7*-$y^X*T1^a^ 
difctCtoT. /V)T*?imtLX<7)T\Km 1 
OSrJB^S. 

[0 0 58] ^(ch'-yhisr^/i i lfc&s^y^;* 
l o 9<M\&WF>m:?y?XT>ffl&c m p& 
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h&Tyfl 1 1 ^IMStS. 

[0059] mzi/Vziymimi 12. is\)a>wfo 
HI 1 3£CVDftfcJ:9«<fc£iiiKJt«U S^cffe 
U^v-x ■ y\s4 yffi® i o 7 izsm? h a>7?h 

*-)Ull4Zmilth. TiNillO. b' 

vYmr^rix itmut. tinui i 5. 

-;H 14W»C«iji»®«-rS. ^Mr'ta^T^l 1 

^mosvyy^x^^-fsw-x - KWy«tS 10 
i o 7 ( Y?vi;x9<vm!jM) izmsmizmm-t 

[0060] &fcB 1(c) fc^ctlgfcjttf . *1\ 
(Slig 1 1 7 fc&SJIS 1 0 nmgj£<^«gi?||g 
£xy\*y*2*:,k DgfiOBAtt. ifcfc^f-W^T 
gfimffi 1 1 8 1 c7>a^JgSrX^->y ->X 

Hsi+troa. mmmm ( rta > t<t 9±hp zt 
K^is^fk^tfd. zcm, *v*i/?±Mimi 20 20 

[ 0 0 6 1 ] fcfcvx?/**-yfc3r*H*USri ( *5'y 

3>&<mzcvDmizx<9-mizimi^ m^x±m 
xtzmm-z. 

[0062] &liZ±iB.~?X? s-i?--y : $:-?X7 izLX ±. 

us2«>saK, jupzte ±imi(oeim. m 30 
^^mrnttnti i9. m^a^st*^***^ 

[0063] iKlci^y 3>-BtffcJ£l 2 1 

oanx^c^A-^-v^^mflcM (pztk) 1 1 9t^ 

t/vr^-^^*-t*^46tig^#HmT-C6 0 0C 
[00 64] ccogf. KStt^-w^rtlcfciaau 

-e^o-ai^-vA-^TSjmffii 1 8<oT£t>j§-t& 
ftaei 1 7x-bmimmmc?mmzm~&i&& 

bh? yrxTymmitzix&zb itzw 
[0065] ttz. snmmm±. *ws?T&n& 
1 1 8xs>h&^m. ^^isfryyi 1 ex-bh? 
yyxy-ymt h (cRiE-rs z fc(i&v^y>. tiuxBo* 
■w^ *«sigttf 0 mm^mmizm ^xi>wm 
mti>tz^i-ztm*>\%is.*$mjmcr>m;izm 50 
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[006 6] U>&fJL HWi^SsSrvvwaJawtfrffit 

Ig£gT. FeRAM*^-f6C:i:^|,. 
[0067] Vlk3fr^tzXolz*mfaBBlzJ:tUi. M 

7-7^1 1 6(o±mnmbtin oiz, mwmmfrt* 

-sfs]s^8i^T-#. *(ry&%kLX77y/mmm.ii 
xvtv>7v*;xoymMtzm<zt%<. wm*?n 

[0068] *HSeB©(c*}V^TIi. -t;HS3t£ 
J: l 3*mg£*8-y-*tf>fc{;L b'-y MlfcjEWU: 

mz^^imsthmmtLK. *m\\**<r) 

[ 0 0 6 9 ] flU?)-fe;Hij£fc \^X\tYyyVx9 
k * v^is? t&HzW&t& ^hvp& 

[0 070] ^-WtS^tmfcWLTtts *H 

ft»!BT'Ji^^^V^^m«clil 1 9t»i^^m«cTfc 

Ta«ffil 1 8fclie&£fflVvO^*>\ ^coid^ff 

[0071] wi^jf . *ws?mm#mi 1 9 wis 

[007 2] tti. *Wi'?±Um&l 2 
Wi'fT&Wmi 1 8tz\±. mUU 'Jy'W. 

[0073] KIT. ^^^Hto^-C$ 4> (cSMicS 
BftS. Il^i<i2 0 0 OCJJLh-Cfifitjt . 

[00743 msm mt. momimtirtit: 
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[0075] 8Hmmtt*mtorCt>&tzib. *0) 
lxlO-'Qc mggfc $*U3 •) . lfc*:#*SlliH«D« 

tn^mx$>&&. mmttxm 
[0076] -r ^gjgoffiafc$-e*tar . m 

£1 OOnrnjaTtrl-iifcT, #*L«i50nmJa 
T. J:9*4L<tt2 0nmHTJrt-SitT. ©tttt 

ffiiwtffl^* ; t tc j; hmwiMnm^i mmz 

[0 077] Wttf. Kil5 0nmcO/3-Si CK2r. 
0. l//ft^3>-^^h(cfflV^^ ^Ofifitfilit) 

[00 78 3 —J6r - JfHI^R (Sic) 

(M) fcOEJfittttHKfcttttv^ ^RHfHckoT* 

[0079] (1) SiC + M->MSi+C 
(2) S i C+M-*MC + S i 

[ o o 8 o ] u *w»a*«w?£fc jtiur. *n 

fyfxT-yfcmLxte. affr^-wc^rn-txia 
s ( 7 o oxyar ) mjbSRBiit t*i^ t £Hf2 

[0 081] +9>W*A PfcHl/tfcSfc 

( 1 ) «EJ6b«fet*ifcjWKSf**lT^4. -ftfct 40 
S'UIM WW"* £ JC J 0 fctt*R)Sfcf*3 g*x* 

[0082] H2. zmizfyyxfyTyy 
±t*s i o nmoftttisit&tHLfcft. a*n. 

PZTJ|J£«t«U 6 5 0X:t>J:V6 0 0X:wg^#H 
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p - v«rttiaiasr^-r*i^t. 

[0083] 02. B3*4>ifl63MrJ:5fc. JSS 1 0 

[oo84] (m2?>mmm) sua, *m<?>m2 

mX'hh. 43KM^tt*^*COPflBft0FeRA 

[0085] ft. 04 (a) tC^tidtC. PM^'J 
3 >££ 2 0 0 OSffltf) YyyVX fWGSWXtem 

mzmttWM&>tom*ffi8.L. ^^aracs i 02 

t«fti^t«HMi«W2 0 1 (Sail 
ow Trench Isolation). 
[0086] &(zRH (a) Izjp-tXoiz. A4vHb 
ttiffotubnuos Vyyi/xtzmm-t. iktm 
\Z\i&crM*)X'hh. tr. mtfclzX 0«S 6 nm<D 
>KfcR2 0 2 5: Pfy>J 3 yW&2 0 OOflffi 
WBlKU ®^XmmZY-7Lfcn> S^sa^y 3 
yWL2 0 3 2r^ffifc®fiK L , 5ttn' S^teB B H ^ V 3 
yWL203±.lz7y7X7-yi'0*H m204. >-'J 
3^SfkK2 0 5^)l}^«-tS. Lfr&tiL 
*Sfi> ; 'j3yK2 0 3. ^^/^f^y'Jt-f KJR2 0 
4 , v »J 3 ymftM2 o 5 fcaftofty ^7 7 -r -^t> 
itXRiEStciOJnxL, y-h«fi2 0 3. 204 
SJBftt*. ^'J3ygf(Ji2 0 6^«l«t. 

3,204 <OfflSMtX^.— 9-1)5 ( y- HiMJ^Ig) -fr 
--;P)tJ:oT. litiOV-X- KW>ffl82 0 7 

[0087] »:t04 ( b ) fcjjtflgfcjttr. 4-f . 
y'J3 yBSHtJS 208^cvDffitJ: 
-e^^-BCMPffifciOTOfHi&fif-o-C*^. ±taM 
osvyyvx^co-^v-x ■ y<ffi&2 0 6 
fcSUI-f 6 oyfVY 2 0 9 Zffifct h . 

[0088] ^^^^^^7-7^2 1 0 1 ^r&^tSft 
^-'Ja^MiSrny^^ h*-/l^2 0 grtSrffli^atfJ: 5 
t^fflfc«l« Lfc®. CM P^t «t •) 3 V ? ^ h 
2 0 9 m^mWs^^ 0 3 yffit£&£-tS ^ i: 

n^y^92 1 05:3^^ h*-;P2 0 9mzim 
yLtm&L-th. **t*i'97 : 7?2\0\moSYyy 
¥Xfcr)-jj<r)V-X- YV4ym&207 (Yyy-J 

xfofrnm.) izmmnzw^i-t. 

[0089] K\Z**rtls?-Ty72 1 OTb&Z&ik 



(8 

13 

2 0 9<9^£*ltf>&tfJ:dfc:. IRgjg2 1 IbtchW- 
$50 nm^^fl^ffi^C VD^ti O^ffifc© 

& L*:&. 209 (muwmzmt 

-;n o 90)fmt,z8mm2 1 1 sraa^^-rs. 

[0090] &K04 ( c ) IC^IgKiitf. t-f , 
df-r^^Ta5m®2 1 2fc&&SSl?)e&M£x;\->y 

2 1 Sfc&SPZTffi^W^tJ^fflfc^JS 
U -fii^#ffl^rcORTAt:J:0±IBPZTlicO 
ISftftSffd. *^i^±a!mfii2 14fc5: 

[0091] mz-?x?^9-y b%&WmL%^i'V 

yVL. yV?y&ttm*t>%:&'?x?j*?-yZBf&. 
•ti. term. '-<f-y-y?ntzimLtz7*hu=j 
xhtmm-z. 20 

[0092] mz±M~?X7W-y*-?X7\,zLX±. 

fas&2<ofi£§L ±jbpztbl ismintesm. $t 

±m-?x?w-y$:miLx . m2<wtj&m*t>%h 

?rnmi*m2 13. moa&RfrMra^-r'ts^T 
ssmffi2 1 2*^^&^v^^^*^T-ri». 

[ 0 0 9 3 ] mz i/V n y§HfcK2 1 5 ££ffifc«MB 

ZPMZ^t^nifHKPZTll) 213fc£tfc 30 
^-^**l^i-rSfc«>fc:K*3?H«T-C6 0 0 egg 

[00 94]\I<9|gL IMHl^ir^^rtlCtiaat. 
*<OHSW44f-*-yt^^T»lS2 1 2*>TfciSW-4 

SSI82 1 1 ^*4Kfl^W«|«KS«-4tSa 
^''JTtt*^v^i6. T«0>*<W«5'*:r5*'2 1 0T 

t>&zm&i'»3ymb**>wm%&2i2Tb 
[0095]-*, mm2 1 1 x-hhmammt* 

Wis?TUm&2 11X'3>&&&m, *Ws?7? 40 
^2 1 0Thi£&&i'»3>tAbt>tzBUGtl,clb& 

[0096] zcom. mizkivkz^&miacoijmiz®: 

iXMOShyyiSxfffM-frcW-Z ■ KWV20 
f>\,Z%mthay99 t'-y f 

[ 0 0 9 7 ] =5rfc. *HS0g®tt5^T. -fe/MfBt^ 

^^-c^^wHtt. ^ionis^®fci^aita^^nr 50 



^2002-289810 
14 

[0098] (m3V>mBB) ^ltJil/^2<0HSS 

?£JflVvb:*?7?£DRAM£{>£|irc&&. 

05 ^ffl^T*^B^ -y ^SDRAMtjgfflL^H 

[0099] ^-f. 05 (a) (C^fidfc. PS^'J 

=j>a«3 0 Q<rmm<nvyyi;xrmmmm<rM. 
m&&toi&>tz*#>mzjmL. z^mftizs 1 02 
* mmj^x-m^nrnm 0 1 (San 

ow Trench Isolation). 

[0100] izizmm ( a > t^-r j xa -v^m 

mffotiitxoMOShyytJxf&BflL-tZ. Mim 

iziixornvx-hz. £-r.mtMzi*)m2 6nm<7) 

isV 3ygftK3 0 2 iPSOs)) 3>-S«3 0 0<«I 
£i*j£U ^vvaHS£b'-TLfcn + M^ B a B ^'J3 
yH3 0 3££ffil;:»j£U ££>fc:n* mgti&i'Vz 
vMi0 3±t^y^x^y>-'j^KK3 04. >-u 

ny^tK3 0 5^li»3gj£-rS. L*^. n* 
My'Jn >-K3 03, ^^fyy'Jt^f K1I3 0 
4 . x'J 3 y^tlg3 0 5 £ fflS^ftV ^5 7 4 
itXRiE^iOJniL. y-hmH3 0 3, 304 
ZhiZ^ >U3ya^|g3 0 6£itSL, 
RIEtJ;|,|iMSLc^ifetJ:oT, y-bmffi3 0 
3, 3 0 4coliS{*X^— (y-MBSMffiiSJS) 5: 

ICioT. l*f<7)V-X • FH/1W3 0 7 

[oioi] »:(c05 ( b ) (c^-tietiitf . 

x'J3 3085:CVDffitiO £ffi L . 

-riOfiHHCMPStiOTO^^-o-C*^. ±IBM 
os byyisxfpy—jjcov—x ■ y^m.3 o 7 

[0102] mzwiiffmfflmtnmz. wtx? 

7PItfcLT<OTiN§|3 10£^j£U ^V^Tb'ybMl 
75/3 1 1 tK&fyyXrymc VDffiti 0^: 
ffit««L. ^^tny^^h^-zi.sogcoj'l^^ 

WsfyyxT-ymzcMPmiz x nm&t&c-. tx-. 

--Kenny?? b*-;P3 0 9<7)rtSB(=b' y hfilT^^ 

3 1 \*m?mmh. zcom. ^)^ymm,3 1 

2i £CVD£l;:<l:9:£ffit;:Jft«U ^y^OtX 
fci 1 ?^ yyxT-yfrhtch t*>y M83 1 3£i/Vay 

mim3 1 21 rtta^a^sK-r*. 

[0103] iXt^'J 3yK<kK3 1 22 ^^ffitita 
^'J3yK^3 12i .3 122 fcflfcfrOV-X 

• HWy|S«3 0 9t^jii-S3V^^h*-;W3i 

4 ^^fLLfc^. T i NH3 1 0 . h' y b&Ty?3 1 
1 T i NK3 1 5. fyyxy-yfrhtth* 
■Y'*i'?7 : 7?3 16£ziy?? b*-)U3 14PUZM 



(9 

1 5 

XnUf-mfcth. **'*i/?7y?3 1 6ttMOS hy 
V i JX9<r>--n<r)V-X ■ YVA ymt£3 0 7 ( hy> 

[oio4] mm5 ( c > &rrtxmzmts. t-r. 

S^i/'J ?ym&3 1 7£CVDifcfcJ: 9£ffi£«i« 

ffit3 1 7 fc?t£lil?LU -5-<0f*ClOS<0rtffl$:Sd X o 
«S§!3 1 8 t%imZ 1 0 nmg^^gSftg 

mm. **^>*T&m&3 1 gfc&s^-^Aits: 

CVDffitJ:»)^ffitc:«r<J^t»r&. £<Ofc#. ±fftf 10 

[0 1 053 mzim&nft&zw.ft&timzn^ y 3 

•JavlMflL JJErt^-^AH. _LfBiSakJ£*]g£C 

iffW£Bfc£LT. ±E»«l*)iS±ttRaM3 1 8&XV 
**rtis9TUnm3 1 9£J§*j£-fS. 

[0106] mz*v/vs?mmm3 2 0 t&i. b s 

Tffii£CVD&l;:«l:9£®fc#1fU:f£, S'UavlM: 20 
§13 1 7£»ftUd»^fl&£a#>iitjJ:otC. 

v^±ssms3 2 1 ttch)V7--*?j>m*cvvmzz. 

[0107] iKKJ^B STftfci^iia/I^T-^AIH 
£y*b>)V7yy<t5£V : RIE£m^X>*?-y- 

>?l. BSTm^t^/^m , mim320ii 

XW\,T-*7J*frt>%Z*W>>?±MW&3 21ZB 

am ( b stk) 3 2 ooyt-is&mztztiibizm 

XMBKF? 6 0 0 CfegcOfy!!M^ff . 30 

[0108] £<om. g^co-^^^^v^T^ms 
3 1 9oTtt,ii-r.&*^ «aiS3 1 8?$>zmti£m 
j^mmizm-i&m>vjT&m^tz#>. n&e>** 

ztii%\\ £*z. fctt%mffl**wis?T&nm3 

1 9X'kh)Wf=-*7Jj&, df-vnV^T-7^3 1 6T*> 
[0109] *<D®. mftCD-miZfti X . JJf tfM ? 40 

to 1 1 o] ^rfc. ^■v^^^flfMcwLT, *mim 

MTU. =¥^>'^^*§|3 2 0fc(iBST s **<^ 
v^±««fii3 2 l&3:V**>*i'fTgmfe3 1 9fc 

1 0 1 1 1 ] Witf, *-W^?it®fr§!3 2 Otli? 
>*/HWfciL *A-^v:?±Smffi3 2 lfc«fctfdf^ 
v?TS®fii3 1 9tli6:&. 4 'Jy->A, Xhoyf- 50 



^2002-289810 
1 6 

mmx-hh. 

toii2]^^. xmmmx'tei/ozymizm^ 

1 0 1 1 3 ] ±IESiil«5Stf::RB5£3ft 
FeRAM. DRAMtSL/c^CoV^TiSHBUc 

[ 0 1 1 4 ] Etc. mn&<r)7y?/wm&cr>±m 
m.mt:immmmii?&¥&mimzh^x3i 
wzhh. znmarh. imm&mtm®^ ry? 
/mmm±izmt<Dffit?zmimmMtm&mm 

m.-mzm%X'Z txo iz%& . 
[oii5] ttz. iMsmmmx'H. mammznt 
mmm.TxftoWr&tz-o^xm.wititf. mm (o 
2 ) <omx*x<hmm.!m%TT3>tiim\\ 
[o 1 1 6 1 tmz. ±m%mmmizi}m*<?>mc?> 
mwis£ttxto<o. m^ztizmiomimmzm 
hmstc&A-sbitizx *)m*nmvm!i&tm&. 
mm. mmmiz^tih-kmmm^m^^m 
mmmmztix *> . %mw&i x o ti-mmco 
mrejfrv-cmmzfflkx'zzw&iziz. znm&mmt 
w&%tdz®$jm%tLxm&zix%h. *<nm. * 

[0117] 

y7/mmm<o7y7£Miti)>i>8mr&tz#>mm 
mtLxmiffimmzm^&ztiz^x. §Hbtt#H 
ssTxemmiz x h 7yycotfutz mmm±TZ 

&Xolz%l. 

[Hi 3 mi<nm<nmmm\zm^mm.m&. 

[02 3 *micoMk*mWthiZib(r)miLWm ( s 
em:? JO 

[03 3 *m<v®mwm-&iz#><7)P- v^ttsr* 
tm 

[04 3 *mom 2 <mmm mz^mmimcom 
[053 xmico^cvmmmm&immmcowi 

10 0- PSyynya6R 
10 2-yynyKftJg 



17 

10 3-n' W.§>m& : sV3>Wk 
1 04- ^^fV^'J^ HK 
10 5. 10 6-^U3yM-fbK 
107-y-* • KMyffiV 

110-TiNK 

in -ifyhmr^ 
i 1 

1 13 -isoaywum 

1 

1 1 5— T i Ngg 

1 le-dr^W^T*?^ 

117- «gK(^^g|g) 

1 1 8- * -v^Tsmffi 

1 1 Q-^+zts^fW** 
200 "PavUnyffiR 

2 0 2- isv^ymm 

2 0 3-n* ^»fti/'j3^I-v 
2 04 - •^y/Xf^y'Jt'f HIS 
20 5, 20 6 ■ -^'JnygftK 
2 0 7-V-* ■ KM y|gt£ 
2 08-v'j3ySHbK 
2 0 9- 

2 1 O-^W^T^ 



(10) ^2002 

18 

2 1 2- ••=*-\'>''?v:?T&m& 
2 1 3-^^>NV^Si«*jS 

2 1 4-*ws?±&w& 

2 1 S-i-UnySHttl 

3 0 0-PSv»j3yffiK 

3 0 1-SH4H£f»S 

3 0 2- ••^'jaye^ 

3 0 3-n* U 3 yjg 

io soA-fyyxf-yisWi y®. 

3 0 5, 3 0 6-^'j3y^kJK 
3 0 6- >-'J3^te 
3 0 7- -y-X- FM« 
3 0 8 - ^'Jnylg^Jg 

3 1 0-T i N$ 

3 1 l-b'yMgr^^ 

3 12i , 3 122 -S'ysVftftJI 

313-tfvMI 

20 3 i4~ay??h-fc->v 

3 1 5-TiN|& 

3 1 6-=* **wr?r 

3 17-^U3>IWIM 

3 1 8-ftHR <#*i£*R) 

3 2 0 -^^N'i/^mSftK 
321 -**"$'5ULtfVS 



[03 3 



(11) 



^2002-289810 




[01] 



l06v«>Sft» 



[04] 



(a) 



107 

107*4* t'HttM 



201 



(b) 



108>waHtBI 



X X* X X > ' v \ 

^ N 




>115TN» 

fc 114 X*W** 
^ > -\,V 



100PgWX>M[ 



-113**DfiHfc» 
-1 12 vn&itB 

-no-™* 

-1093*91*-* 



206v«D>fc4U9 
203 rrS^fiSv9X« 



^ 2 



rwTTi: 

/ / 202yW>fiMkH / 



200 P5?VP>&fc 



<b) 



208 *p>wtm 
A\\\V/> 



(c) 



101 ^.^^ 120 H«"»±s«a 



212*t<ry*TSMI<f<fc 



108 




(12) 



^2002-289810 



IM5] 




305v*E*<U* 

■306 '/ttttlm 

304 tvrjsv/ni ym 
303 rr5*efiW>» 



r 

307 
307 « ^ 



^300 



(b) 312i v9X«HbB 



312? m«K^^314^n^ 





•311 fc'imrft* 

310 HNS 

-309X<m*-A 

300 



319^v>T«WI 
-318 «SM 

*317^yD>BHt8i 
314 
-313 

-311 
-310 

-309 
-300 



<72)*D!# #m v$ 
(72)»B# «n 



F*-A(##) 5F033 HH03 HH07 JJ19 JJ33 KK01 
PP06 PP15 QQ37 QQ48 QQ73 
QQ78 RR04 RR06 SS11 TT02 
W16 XX28 
5F083 AD02 AD21 AD48 AD49 GA02 
GA25 HA02 JA14 JA15 JA17 
JA31 JA35 JA38 JA39 JA40 
JA43 JA44 MA05 MA06 MA17 
MA20 NA01 PR33 PR34 PR40 





MENU;; 






1 ■ rvt^H T$ : 


•1 A r* '4 VJ't^t^iK* 


1/1 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 2002-289810 
(43)Date of publication of application : 04.10.2002 



(51)lnt.CI. 



H01L 27/105 
H01L 21/768 
K01L 27/108 
H01L 21/8242 



(57)Abstract: 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the semiconductor device which has the 
description in the connection structure (a plug / electrode structure) which consisted of a ferroelectric or 
a dielectric thin film capacitor electrode, and a plug formed in the bottom of it, and its manufacture 
approach with respect to a semiconductor device and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, the information which digital electronic equipment treats 
spreads to image information, animation information, etc., and the amount of information is expanded 
sharply. A lot of capacity is demanded compared with the memory and the former which are used in 
connection with this. 

[0003] For high integration of semiconductor memory, it needs detailed-ization and to be integrated 
highly in connection with it. The thing of the capacity of a gigabit has come [ for example, / in DRAM 
(Dynamic Random Access Memory) which is a typical memory device, / integration is advanced by one 
4 times the speed of this in three years until now, and / in recent years ] to be developed. 
[0004] In DRAM, the memory cell which consists of the capacitor and transistor of a pair is made into 
one unit which memorizes the information on 1 or 0. For high integration of DRAM, detailed-izing of 
the capacitor which constitutes a memory cell is indispensable. 

[0005] For that, three methods which make thickness of (1) capacitor dielectric film thin and to which 
advance (2) solidification and capacitor area is made to increase of using the thing of a high dielectric 
constant for the (3) ingredients itself are held typically, and examination and development have been 
furthered, respectively. 

[0006] Especially, to (3), from the silicon oxide used for the capacitor ingredient so far, tantalum 
pentoxide (Ta2 05) and installation of high dielectric materials further called barium titanate strontium 
(Ba, Sr) (Ti03) are considered, and development of the high capacity capacitor by application of those 
thin films has been furthered. These ingredients have the description that a dielectric constant is high 
about 10 to 100 times, as compared with conventional silicon oxide. 

[0007] About thin film-ization of the capacitor dielectric film of (1), thin film-ization of silicon oxide or 
a silicon nitride has so far been advanced. However, if thickness serves as a field 3nm or less, the 
problem which leakage current increases according to tunnel current will actualize. Therefore, the 
limitation is near also about thin film-ization of this capacitor. 

[0008] In the increment in the capacitor area of (2), the approach of the trench mold capacitor which 
formed the trench in the silicon substrate, or the stack mold capacitor accumulated on a transistor has 
been taken from the conventional flat-surface capacitor structure. Even if it aims at the increment in 
capacitor area from a megabit corresponding to the memory of the capacity of gigabit class, it is 
necessary to complicate capacitor structure further, and the burden of capacitor formation pro SESUHE 
is increasing. Development of the capacitor which applied the high dielectric film of (3) has come [ for 
this reason, ] to be made. 

[0009] On the other hand, development of the ferroelectric random-access memory 
(FeRAM:Ferroelectric Random Access Memory) which is the nonvolatile memory using a ferroelectric 
thin film is progressing in recent years. FeRAM is what replaced the capacitor part of DRAM with the 
ferroelectric, and is expected as next-generation memory with the following descriptions. 
[0010] Because writing and elimination are high-speed and miniaturize a eel (1) By the possibility of 
about the same write-in time amount for 100 or less ns as DRAM, and (2) nonvolatile memory Unlike 



SRAM, needlessness [ a power source ] and a (3) rewritable count are large. Ferroelectric ingredients 
(SBT etc.), an electrode material (it IrOx(es) and RuOx(es)) SrRu03 High density high integration can 
be performed theoretically, etc. — devising - the possibility of 1012 times or more, and (4) - It can 
carry out to about V and bit rewriting which operates with a low power according the write-in electrical 
potential difference inside (5) which can obtain a degree of integration equivalent to DRAM to 2(6) 
random access has the descriptions, such as ****. 

[001 1] At FeRAM, it is PZT (the ferroelectric thin film which consists of ingredients, such as Pb (Zrx 
and Til-x 03), BIT (Bi4 Ti 302), or SBT (SrBi 2T209), is used.) to a capacitor part. Any ingredient has 
the crystal structure based on the perovskite structure which makes oxygen octahedron basic structure. 
The same is said of the paraelectrics BST currently examined as the above-mentioned capacitor 
ingredient for DRAM. 

[0012] Since the ferroelectricity or high dielectric which are the description are not discovered in the 
amorphous condition unlike conventional silicon oxide, these ingredients cannot be used. Therefore, the 
process for crystallizing, for example, the heat-of-crystallization processing in an elevated temperature, 
the In-situ crystallization process in an elevated temperature, etc. are needed. Although based also on an 
ingredient, since the temperature of about at least 400 - 700 degrees C is generally crystallization, it is 
needed. 

[0013] as the membrane formation approach ~ the laser ablation method, a vacuum deposition method, 
and MBE — what is put in practical use although various kinds of approaches, such as law, are studied — 
MOCVD — there are law, a spatter, and a solution method (CSD:Chemical Solution Deposition). 
[0014] Below, the description is explained taking the case of PZT and SBT which are a typical 
ferroelectric ingredient. A ferroelectric has spontaneous polarization and it has the description that the 
spontaneous polarization is able to reverse the sense by electric field. It depends for spontaneous 
polarization on the condition before it has a polarization value (remanence) and the value (sense of 
polarization) sets electric field to 0 also in the condition of not impressing electric field. 
[001 5] Induction of the charge of +1 can be carried out to a crystal front face with the sense of the 
electric field to impress, and this condition is made to correspond to 0 of a memory device, and 1. 
Although the same structure of 1T/1C (1 transistor / 1 capacitor) as DRAM can be taken, in order to 
raise dependability, in the present condition, the thing of 2T / 2C structures is mainly adopted. 
[0016] The ferroelectric thin film actually used for FeRAM is PZT (they are Pb (Zrx Tl-x 03) thin film 
and a SBT (SrBi2 Ta 209) thin film.). For the former PZT, crystallization temperature's being about 600 
degrees C and a polarization value are 20microC/cm2 at a remanence value greatly. It is extent, Since 
the coercive electric field which is an electric-field value when becoming polarization 0 in a hysteresis 
curve is comparatively small, polarization reversal is possible by the low battery, It becomes 
controllable [ crystallization temperature ] by the Zr/Ti presentation ratio, and also strong dielectric 
characteristics, such as structure properties, such as grain size and a grain configuration, the amount of 
polarization, a coercive electric field, a fatigue property, and leakage current, are controllable, Pb called 
A site from the element admissibility which a perovskite structure has by elements, such as Sr, Ba, 
calcium, and La It is possible to permute Zr-Ti called B site by elements, such as Nb, W, Mg, Co, Fe, 
nickel, and Mn, and it is raised as an advantage that it influences greatly the crystal structure, a structure 
property, and strong dielectric characteristics etc. 

[0017] PZT is the ingredient which examination of thin-film-izing was made from early, and there were 
also many examples of research and was first put in practical use as FeRAM by technique, such as a 
spatter and a sol gel process. As a fault, reduction (fatigue property) of the amount of polarization 
accompanying the increment in the count of writing is raised. 

[0018] The oxygen hole where fatigue of the PZT film is formed in Pt electrode interface is considered 
as the main cause. One of the reasons for generating of this oxygen hole is the volatility of Pb element, 
and diffusion ease. Since Pb is a part of perovskite structure, if an oxygen hole is formed, it will form a 
nearby cation and a nearby dipole and will cause reduction of a switching charge. 
[0019] on the other hand, Pt electrode used low-battery-izing of the latest operating voltage, and at the 
beginning since the fatigue property itself had the description accelerated by electric field to IrOx etc. — 
the improvement of the fatigue property by adoption of an oxide electrode is also made. 
[0020] On the other hand, the latter SBT is the ingredient developed in order to attain an improvement 
of the fatigue property which PZT has, and a membranous low-battery drive. SBT is Bi 202 about the 
false perovskite structure layer which consists of oxygen octahedron which is a kind of Bi stratified 
compound (Aurivillius Phase) and serves as the origin of a ferroelectricity. It has the crystal structure 
which a layer sandwiches. 



'[0021] A main polarization shaft is in a field perpendicular to a c-axis according to this crystal structure, 
and even if there is polarization of C shaft orientations in nothing, it serves as a small value. The 
polarization is discovered with the number of the oxygen octahedrons in a false perovskite structure. 
[0022] Since the oxygen hole itself which compensates a charge is formed in Bi oxide layer even if Bi 
whose SBT is an volatile element is lost, there is little effect in a direct perovskite structure. Moreover, 
not to have Ti from which a valence tends to change is also confirmed. However, SBT has the fault that 
crystallization temperature is high compared with PZT. 

[0023] In the cellular structure of FeRAM which, on the other hand, used a ferroelectric ingredient 
which was explained above, it is called the offset mold structure of connecting the up electrode of a 
capacitor, and the active region of a transistor, and the offset mold structure of this conventional type is 
taken in FeRAM put in practical use until now. 

[0024] In the above-mentioned offset mold structure, since it finishes forming a capacitor, in order to 
take the process which forms a plug, heat treatment for ferroelectric film formation etc. did not become 
a burden to the plug. However, with this offset mold structure, contraction of eel area is difficult and has 
become a big inhibition factor for high integration. 

[0025] Recently, development of the COP (Capacitor On Plug) structure which arranges a capacitor on a 
plug has come [ on the other hand, ] to be furthered in order to produce FeRAM with a more high 
consistency. 

[0026] This has the plug which is connected from the active region of a transistor and consists of W or 
Si directly under a capacitor, and can make cell size small like the case of the SUTAKKUTO capacitor 
of DRAM. 

[0027] Here, since it is necessary to recover the damage produced at the REE (Reactive Ion Etching) 
processing process of the dielectric film at the time of preventing an oxygen deficiency in the 
crystallization process after deposition of a capacitor dielectric film, and carrying out integration of the 
capacitor, or a metal membrane, or the deposition process of the insulator layer by plasma CVD, heat 
treatment under an oxygen content ambient atmosphere is needed for all. 

[0028] However, the plug directly under a capacitor oxidizes in the case of heat treatment under the 
above-mentioned oxygen content ambient atmosphere, contact resistance becomes high, and in being 
severe, problems, like exfoliation of a dielectric film or a metal membrane arises arise. That is, in 
FeRAM of the conventional COP structure, there was a problem that it was difficult to plan outstanding 
membrane formation of a capacitor dielectric film and thermal stability of a plug to coincidence. Ta2 05 
which take the process that such a problem forms a capacitor after forming a plug, and Ti (Ba, Sr)03 etc. 
- it existed in the stack mold DRAM which used high dielectric materials for the capacitor dielectric 
film. 

[0029] Although the electrode which consists of ingredients, such as formation of the barrier layer which 
consists of ingredients, such as TiAIN, TiN, and TaSiN, Ir02, Ir, Ru02, and Ru, was tried in order to 
avoid such a problem, there was a problem that plug structure became complicated and a process also 
became complicated as the result. Furthermore, since it was not able to say that the resistance over heat 
treatment of above **** is high, the formation of a low-temperature short time was indispensable to 
coincidence. However, heat treatment of a low-temperature short time of recovery of a damage is 
inadequate, and a problem remains on a point [ a component property or dependability ]. 
[0030] Moreover, in the process using CMP (ChemicalMechanical Polishing), although the capacitor 
production process of having used the DAMASHIN process for the purpose of reduction of the RIE 
processing damage of a capacitor etc. is proposed, since it may heat-treat after an oxide film, a dielectric 
film, and the ferroelectric film have touched, the reaction in the part there poses a problem. For example, 
PZT and Si02 There is a problem which lead glass is formed [ problem ] with heat and degrades a 
contact part remarkably. 
[0031] 

[Problem(s) to be Solved by the Invention] Like ****, the cellular structure of FeRAM is changing from 
the offset mold structure from the request of high integration to COP mold structure. Contrary to it of 
offset mold structure, the process of COP mold structure forms a capacitor, after forming a plug 
(structure process after a plug). In this case, heat treatment under the oxygen content ambient 
atmosphere for recovering the various damages produced at the time of capacitor formation is needed. 
[0032] However, there was a problem that a plug will oxidize and contact resistance will become high 
by heat treatment of this kind, such a problem - Ta2 05 etc. - it existed in the stack mold DRAM which 
used high dielectric materials for the capacitor dielectric film. 

[0033] Although some approaches of solving such a problem were proposed, there was a new problem 



that plug structure and its process became complicated, or the contact part of an oxide film, and the 
dielectric film and the ferroelectric film deteriorated. 

[0034] It is for this invention to be made in consideration of FeRAM of the conventional structure 
process after a plug which was described above, and the trouble in the stack mold DRAM, and to 
consider as the purpose to offer the semiconductor device which can prevent effectively oxidation of the 
above-mentioned plug in the case of needing heat treatment under an oxidizing atmosphere, and its 
manufacture approach, after forming a plug / electrode structure. 
[0035] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0036] That is, in order to attain the above-mentioned purpose, the semiconductor device concerning this 
invention is characterized by having the electrode which connects electrically with said plug the 
conductive plug formed on the semi-conductor substrate, and the top face of said plug through the wrap 
silicon carbide film and said silicon carbide film. 

[0037] Moreover, other semiconductor devices concerning this invention are characterized by having the 
electrode which connects electrically with said plug the conductive plug formed on the semi-conductor 
substrate, and the top face of said plug through the wrap silicon carbide film and said silicon carbide 
film, and the dielectric film which is formed on said electrode and uses a ferroelectric or a high 
dielectric as a principal component. 

[0038] The desirable gestalt of the semiconductor device concerning these this inventions is as follows. 
[0039] (1) Connect said plug to the active region of the transistor formed in the front face of said semi- 
conductor substrate electrically. 

[0040] (2) In the above (1), said electrode and said dielectric film constitute a capacitor, and said 
electrode is formed in the bottom of said dielectric film. 

[0041] (3) In the above (2), said capacitor has the nonvolatile memory function which used the 

ferroelectric ingredient as a principal component of a capacitor dielectric film. 

[0042] (4) In the above (2), said capacitor constitutes the memory cell of DRAM which used high 

dielectric materials as a principal component of a capacitor dielectric film. 

[0043] (5) lOOnm or less of thickness of said silicon carbide film is 20nm or less preferably. 

[0044] (6) Use silicide, such as metallic materials, such as semiconductor materials, such as for 

example, polish recon, and a tungsten, or titanium nitride, as an ingredient of said plug. Moreover, 

noble-metals ingredients, such as platinum, a ruthenium, and iridium, are used as an ingredient of said 

electrode on said silicon carbide film. That is, the ingredient of said plug and said electrode can choose 

many things according to the application. 

[0045] Moreover, the manufacture approach of the semiconductor device concerning this invention is 
characterized by to have the process which forms the electrode which connects electrically with said 
plug the process which forms a conductive plug on a semi-conductor substrate, and the top face of said 
plug the process which forms the wrap silicon-carbide film, and on said silicon-carbide film, the process 
which form the dielectric film which uses a ferroelectric or a high dielectric as a principal component on 
said electrode, and the process which heat-treat said dielectric film in an oxidizing atmosphere. 
[0046] Here, said hydrocarbon film can be formed with a spatter or a CVD method. When it has 
comparatively flat capacitor structures, such as FeRAM, correspondence by the spatter is possible. In the 
case of DRAM which has a on the other hand overly detailed solid capacitor, generally, the CVD 
method is suitable. However, as the formation approach of the hydrocarbon film, it is not limited to a 
spatter and a CVD method and other approaches can be used suitably. 

[0047] According to this invention, in the semiconductor device which has a plug / electrode structure, 
oxidation of the plug by heat treatment under an oxygen content ambient atmosphere can be effectively 
prevented now by using the silicon carbide film as a protective coat (reaction barrier film) of a plug. 
[0048] Consequently, the tolerance of the heat treatment temperature which was a limiting factor 
conventionally, and an ambient atmosphere becomes possible [ offering a reliable semiconductor device 
by breadth and this ]. For example, it is as follows when the case of FeRAM which has the COP 
structure of being suitable for the fine structure is taken and explained to an example. 
[0049] The typical ferroelectric film used for this kind of FeRAM is the PZT film and SBT film. For 
process damage recovery of crystallization of the ferroelectric film of these, or processing, high 
temperature processing is required. In order to control generating of the oxygen deficiency of the 
ferroelectric film accompanying heat treatment at this time, it needs to be heat-treated under an oxygen 
ambient atmosphere. 



[0050] However, oxygen is spread to a capacitor lower electrode by the above-mentioned heat treatment, 
and there is a problem that the plug under it will oxidize. Therefore, reduction and short-time annealing 
of heat treatment temperature were indispensable. In the case of the SBT film which needs high 
temperature by crystallization especially, application of COP structure was increasing difficulty more. 
However, since oxidation of a plug can be effectively prevented with the silicon carbide film according 
to this invention, it becomes possible to become possible to form the quantity and ferroelectric film 
which was excellent in the property, to have and to offer a semiconductor device and its manufacture 
approaches, such as reliable detailed FeRAM. 

[0051] The above of this invention, and the other purposes and the new description will become clear by 

a publication and accompanying drawing of this specification. 

[0052] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation of 
this invention is explained, referring to a drawing. 

[0053] (1st operation gestalt) Drawing 1 is the process sectional view showing the manufacture 
approach of the semiconductor device concerning the 1st operation gestalt of this invention. This 
operation gestalt is the example which applied this invention to the FeRAM eel of COP structure. 
[0054] First, as shown in drawing 1 (a), the slot for isolation is formed in fields other than the transistor 
active region of the front face of the P type silicon substrate 100, and it is Si02 to this Mizouchi. It 
embeds and the component isolation region 101 is formed (Sallow Trench Isolation). 
[0055] Next, as shown in this drawing (a), the MOS transistor for performing switching is formed. 
Specifically, it is as follows. First, n+ which formed silicon oxide 102 with a thickness of 6nm in the 
front face of the P type silicon substrate 100 by thermal oxidation, and doped arsenic continuously The 
mold poly crystalline silicon film 103 is formed in the whole surface, and it is n+ further. Sequential 
formation of the tungsten silicide film 104 and the silicon nitride 105 is carried out on the mold 
poly crystalline silicon film 103. After an appropriate time and n+ The mold polycrystalline silicon film 
103, the tungsten silicide film 104, and the silicon nitride 105 are processed by the usual optical 
SOGURA fee method and the usual RIE method, and the gate electrode 103,104 (polycide gate) is 
formed. Furthermore, the silicon nitride 106 is deposited on the whole surface, and the spacer section 
(gate side-attachment-wall insulator layer) is prepared in the side attachment wall of the gate electrode 
103,104 by the technique of the side-attachment-wall remnants by RIE. Then, one pair of source drain 
fields 107 are formed by well-known ion-implantation and heat treatment (annealing). 
[0056] Next, it progresses to the process shown in drawing 1 (b). First, once it deposits silicon oxide 108 
on the whole surface with a CVD method and performs flattening by the CMP method after that, the 
contact hole 109 which is open for free passage to one source drain field 107 of the above-mentioned 
MOS transistor is punctured. 

[0057] Next, the thin titanium film is deposited with a spatter or a CVD method, and the TiN film 1 10 as 
barrier metal film is formed by heat-treating in foaming gas. 

[0058] Next, after depositing the tungsten film used as the bit line plug 1 1 1 on the whole surface with a 
CVD method, the bit line plug 1 1 1 is embedded and formed in the interior of a contact hole 109 by 
removing the unnecessary tungsten film of the exterior of a contact hole 109 by the CMP method. 
[0059] Next, the silicon nitride 1 12 and silicon oxide 1 13 are deposited on the whole surface one by one 
with a CVD method, and the contact hole 1 14 which is further open for free passage to the source drain 
field 107 of another side is punctured. Then, pad formation of the capacitor plug 1 16 which consists of 
TiN film 1 15 and a tungsten is carried out into a contact hole H4 like the TiN film 1 10 and the bit line 
plug 111. The capacitor plug 116 is"electrically connected to one source drain field 107 (active region of / 
a transistor) of an MOS transistor. 

[0060] Next, it progresses to the process shown in drawing 1 (c). First, the thin silicon carbide film with 
a thickness of about lOnm it is thin to a protective coat 1 17 is formed in the whole surface by the spatter. 
Next, the PZT film which forms the 1st platinum film used as the capacitor lower electrode 1 18 in the 
whole surface by the spatter, and turns into the capacitor dielectric film 1 19 continuously is formed in 
the whole surface by the spatter, and the above-mentioned PZT film is once crystallized by the danger in 
the inside of an oxygen ambient atmosphere, and********** (RTA). Then, the 2nd platinum film used 
as the capacitor up electrode 120 is formed in the whole surface by the spatter. 
[0061] Next, the silicon oxide used as a mask pattern which is not illustrated is deposited on the whole 
surface with a CVD method, pattern NINGU of the above-mentioned silicon oxide is continuously 
carried out by the optical SOGURA fee method, and the mask pattern which consists of silicon oxide is 
formed. Then, the photoresist used at the time of pattern NINGU is exfoliated. 



1 [0062] Next, after using the above-mentioned mask pattern as a mask and carrying out taper etching of 
the platinum film of the above 2nd, the above-mentioned PZT film, the platinum film of the above 1st, 
and the silicon carbide film continuously in this order, the capacitor which consists of a capacitor lower 
electrode 118 which consists of the capacitor up electrode 120 which consists of the 2nd platinum film, 
a capacitor dielectric film 119 which consists of PZT film, and the 1st platinum film by removing the 
above-mentioned mask pattern is completed. 

[0063] Next, after depositing silicon oxide 121 on the whole surface and covering the above-mentioned 
capacitor, in order to remove the damage produced in the capacitor dielectric film (PZT film) 1 19 at the 
time of processing of the above-mentioned taper etching, elevated-temperature heat treatment of an ( 
about [ 600C ] is performed under an oxygen ambient atmosphere. 

[0064] Under the present circumstances, although oxygen permeates also in a capacitor and that part 
also arrives at the bottom of the capacitor lower electrode 118, since the diffusion barrier property to the 
oxygen of the silicon carbide film which is a protective coat 1 17 is high, the tungsten film which is the 
capacitor plug 1 16 of a substrate does not oxidize. 

[0065] Moreover, the silicon carbide film does not bring about a failure at all in heat treatment 
accompanying the above-mentioned capacitor production process among oxygen, in order that the 
platinum film which is the capacitor lower electrode 118, and the tungsten film which is the capacitor 
plug 116 may not react. In addition, the carbon silicon film is further explained to the last of this 
operation gestalt at a detail. 

[0066] Although not shown in drawing after an appropriate time, according to the well-known approach, 
FeRAM will be completed through the process of the upper metal wiring to a drive line, a bit line, and a 
pan. 

[0067] As stated above, according to this operation gestalt, so that the top face of the capacitor plug 1 16 
which connects an MOS transistor and a capacitor may be covered As one process of forming the 
protective coat 1 17 which consists of silicon carbide film is added FeRAM of detailed and high density 
(high integration) can be realized without being able to solve the problem by elevated-temperature heat 
treatment in the oxygen ambient atmosphere stated with the conventional technique, and causing 
complication of a plug / electrode structure, and its process as the result. 

[0068] In addition, in this operation gestalt, in order to increase a degree of integration more, after 
forming a bit line, a capacitor is arranged, although the case where a bit line was arranged at the upper 
layer of a capacitor was shown in the cellular structure, it is [ direction ] desirable and this invention can 
be applied also in such a case based on the meaning. 

[0069] Moreover, although the cellular structure which has the so-called ladder structure which arranges 
a transistor and a capacitor to juxtaposition as other cellular structures is also proposed, naturally things 
are possible in this invention also in such a case. 

[0070] Furthermore, although platinum is used for PZT, the capacitor up electrode 120, and the 
capacitor lower electrode 118 which are a ferroelectric with this operation gestalt about the capacitor 
ingredient at the capacitor dielectric film 1 19, it is not limited to such an ingredient. 
[0071] For example, it is also possible to use SBT for the capacitor dielectric film 1 19. As above- 
mentioned, since the crystallization temperature of SBT is higher than PZT, heat treatment in an 
elevated temperature is needed, but if it carries out with the description of this invention, higher 
effectiveness is expectable also to such a case. 

[0072] Moreover, it is possible iridium, rutheniums or those oxide, and to use compound conductors, 
such as strontium ruthenium oxide, for the capacitor up electrode 120 and the capacitor lower electrode 
118 further; 

[0073] Hereafter, the carbon silicon film is further explained to a detail. The silicon carbide film is an 
ingredient also with very low oxygen permeability, and is used for refractories, a resistor, etc. while the 
melting point is very stable thermally above 2000 C. Moreover, since it is also a semiconductor material, 
the application to a semiconductor device has also spread in recent years. 

[0074] Since the carbon silicon film has the description like the above, it it not only does not receive the 
silicon carbide [ itself ] change in oxygen heat treatment at the time of capacitor formation, but can 
prevent very efficiently oxidation of the metal plug of a substrate, or a polycrystalline silicon plug by 
arranging the silicon carbide film on metal plugs and polycrystalline silicon plugs, such as a tungsten 
plug. 

[0075] On the other hand, since silicon carbide is a semi-conductor, the resistance changes greatly with 
structure (a crystalline form, existence of crystallization), the formation approach, doping existence, etc. 
beta 1 which is the typical crystal structure - in SiC, the value of resistivity is made into about 1x10- 



"4ohmcm -- having - getting down — moreover, the case of an amorphous object ~ further — number 
order — although becoming high is also pointed out and it is a high value compared with a common 
metal, if it uses as a thin film, it is possible to maintain an electric flow. 

[0076] That is, by making thickness of the silicon carbide film sufficiently thin, if it is resistivity of this 
level, by specifically setting thickness to lOOnm or less, it is preferably possible to use it as a protective 
coat which has conductivity by setting 50nm or less to 20nm or less more preferably, and the effect of a 
rise of resistance by using the silicon carbide film can be controlled to the minimum. 
[0077] For example, when the beta-SiC film of 50nm of thickness is used for contact of O.lmicro angle, 
the resistance is only 5.35ohms. Although this will be joined by contact resistance, since the resistance 
which the capacitor/plug in the case of DRAM explained with FeRAM explained, for example by this 
example or the 3rd operation gestalt take is more than lOkohm, generally it does not pose a problem in 
that between a capacitor/plug is connected electrically. 

[0078] On the other hand, although the reactivity of - silicon carbide (SiC) and a metallic material (M) is 
generally low, depending on a metallic material, two kinds of reactions may mainly arise below. 
[0079] (1) It is generated as SiC+M->MSi+C(2) SiC+M->MC+Si or such combination. These progress 
so that the free energy accompanying a reaction may become the minimum, but since it is the physical 
properties of an ingredient proper, there is no common guide. 

[0080] However, according to this invention person's etc. research, about the platinum currently raised 
with this example, a ruthenium, iridium, and a tungsten, it is checking not producing the above- 
mentioned reaction at the usual capacitor process temperature (700 degrees C or less). 
[0081] Furthermore, the stable thing is checked also about titanium silicide. If titanium is independent, it 
is reported that the reaction of the above (1) arises. This shows that minimum-ization of the free energy 
accompanying a reaction cannot be attained any longer by silicide-izing. That is, alone, the metal shows 
beforehand that stabilization can be attained silicide or by using as carbide again, even when producing 
silicon carbide and a reaction. 

[0082] After actually depositing the silicon carbide film with a thickness of lOnm on a tungsten plug at 
drawing 2 and drawing 3 , the platinum film and the PZT film are deposited and the P-V characteristic 
curve which shows the spontaneous polarization in the capacitor which used platinum is shown in the 
SEM photograph and up electrode of a cross section at the time of heat-treating by oxygen (650-degree- 
C and 600 degrees C) ambient atmosphere Nakashita, respectively. 

[0083] Oxidation / reaction prevention effectiveness sufficient also by lOnm in thickness and the thin 
silicon carbide film can be acquired, the platinum film and the tungsten plug of the substrate are 
maintained at stability so that it may see with a SEM photograph, and it checked that an electrical 
property actually good also as a capacitor was acquired so that clearly from drawing 2 and drawing 3 . 
[0084] (2nd operation gestalt) Drawing 4 is the process sectional view showing the manufacture 
approach of the semiconductor device concerning the 2nd operation gestalt of this invention. This 
operation gestalt is the example which applied this invention to the FeRAM eel of COP structure, and is 
an example in which only the top face of the capacitor plug of a FeRAM eel specifically forms the 
silicon carbide film of this invention. 

[0085] First, as shown in drawing 4 (a), the slot for isolation is formed in fields other than the transistor 
active region of the front face of the P type silicon substrate 200, and it is Si02 to this Mizouchi. It 
embeds and the component isolation region 201 is formed (Sallow Trench Isolation). 
[0086] Next, as shown in this drawing (a), the MOS transistor for performing switching is formed. 
Specifically, it is as follows. First, n+ which formed silicon oxide 202 with a thickness of 6nm in the 
front face of the P type silicon substrate 200 by thermal oxidation, and doped arsenic continuously The 
mold polycrystalline silicon film 203 is formed in the whole surface, and it is n+ further. Sequential 
formation of the tungsten silicide film 204 and the silicon nitride 205 is carried out on the mold 
polycrystalline silicon film 203. After an appropriate time and n+ The mold polycrystalline silicon film 
203, the tungsten silicide film 204, and the silicon nitride 205 are processed by the usual optical 
SOGURA fee method and the usual RIE method, and the gate electrode 203,204 is formed. 
Furthermore, the silicon nitride 206 is deposited and the spacer section (gate side-attachment-wall 
insulator layer) is prepared in the side attachment wall of the gate electrode 203,204 by the technique of 
the side-attachment-wall remnants by RE. Then, one pair of source drain fields 207 are formed by well- 
known ion-implantation and heat treatment (annealing). 

[0087] Next, it progresses to the process shown in drawing 4 (b). First, once it deposits silicon oxide 208 
on the whole surface with a CVD method and performs flattening by the CMP method after that, the 
contact hole 209 which is open for free passage to one source drain field 206 of the above-mentioned 



MOS transistor is punctured. 

[0088] Next, after depositing the poly crystalline silicon film used as the capacitor plug 210 on the whole 
surface so that the inside of a contact hole 209 may be embedded, the capacitor plug 210 which is open 
for free passage to the capacitor formed at a back process is embedded and formed in a contact hole 209 
by removing the unnecessary poly crystalline silicon film of the exterior of a contact hole 209 by the 
CMP method. The capacitor plug 210 is electrically connected to one source drain field 207 (active 
region of a transistor) of an MOS transistor. 

[0089] Next, after forming in the whole surface the thin silicon carbide film with a thickness of 50nm it 
is thin to a protective coat 21 1 with a CVD method so that the clearance between the contact holes 209 
which the upper part of the polycrystalline silicon film which is the capacitor plug 210 was etched, and 
the front face was retreated, and were continuously produced by etching may be embedded, pad 
formation of the protective coat 21 1 is carried out in the clearance between contact holes 109 by 
removing the unnecessary silicon carbide film of the exterior of a contact hole 209 by the CMP method. 
[0090] Next, it progresses to the process shown in drawing 4 (c). First, the PZT film which forms the 1st 
platinum film used as the capacitor lower electrode 212 in the whole surface by the spatter, and turns 
into the capacitor dielectric film 213 continuously is formed in the whole surface by the spatter, and the 
above-mentioned PZT film is once crystallized by RTA in the inside of an oxygen ambient atmosphere. 
Then, the 2nd platinum film used as the capacitor up electrode 214 is formed in the whole surface by the 
spatter. 

[0091] Next, the silicon oxide used as a mask pattern which is not illustrated is deposited on the whole 
surface with a CVD method, pattern NTNGU of the above-mentioned silicon oxide is continuously 
carried out by the optical SOGURA fee method, and the mask pattern which consists of silicon oxide is 
formed. Then, the photoresist used at the time of pattern NINGU is exfoliated. 

[0092] Next, after using the above-mentioned mask pattern as a mask and carrying out taper etching of 
the platinum film of the above 2nd, the above-mentioned PZT film, the platinum film of the above 1st, 
and the silicon carbide film continuously in this order, the above-mentioned mask pattern is removed 
and the capacitor which consists of a capacitor lower electrode 212 which consists of the capacitor up 
electrode 214 which consists of the 2nd platinum film, a capacitor dielectric film 213 which consists of 
PZT film, and the 1st platinum film is completed. 

[0093] Next, after depositing silicon oxide 215 on the whole surface and covering the above-mentioned 
capacitor, in order to remove the damage produced in the capacitor dielectric film (PZT film) 213 at the 
time of processing of taper etching, heat treatment of an about [ 600C ] is performed under an oxygen 
ambient atmosphere. 

[0094] Under the present circumstances, although oxygen permeates also in a capacitor and that part 
also arrives at the bottom of the capacitor lower electrode 212, since the diffusion barrier property to the 
oxygen of the silicon carbide film which is a protective coat 21 1 is high, the reaction of the 
polycrystalline silicon film which is the capacitor plug 210 of a substrate, and the platinum film which is 
the capacitor lower electrode 212 does not arise. 

[0095] On the other hand, the silicon carbide film which is a protective coat 21 1 does not bring about a 
failure at all in heat treatment accompanying the above-mentioned capacitor production process among 
oxygen, in order that the platinum film which is the capacitor lower electrode 211, and the 
polycrystalline silicon film which is the capacitor plug 210 may not react. 

[0096] Then, although not shown in drawing, FeRAM will be completed through the process of the 
upper metal wiring to the contact hole which is open for free passage to the source drain 206 of another 
side of an MOS transistor according to the well-known approach, a bit line, a drive line, and a pan. 
[0097] In addition, in this operation gestalt, the cellular structure and a capacitor ingredient are variously 
deformable like the 1 st operation gestalt. 

[0098] (3rd operation gestalt) Although the 1st and 2nd operation gestalten explained the case where it 
was suitable for FeRAM in this invention, invention is applicable to the stack mold DRAM which used 
not only FeRAM but the high dielectric film capacitor. Hereafter, the operation gestalt which applied 
this invention to the stack mold DRAM using drawing 5 is explained. 

[0099] First, as shown in drawing 5 (a), the slot for isolation is formed in fields other than the transistor 
active region of the front face of the P type silicon substrate 300, and it is Si02 to this Mizouchi. It 
embeds and the component isolation region 301 is formed (Sallow Trench Isolation). 
[0100] Next, as shown in this drawing (a), the MOS transistor for performing switching is formed. 
Specifically, it is as follows. First, n+ which formed silicon oxide 302 with a thickness of 6nm in the 
front face of the P type silicon substrate 300 by thermal oxidation, and doped arsenic continuously The 



v mold polycrystalline silicon film 303 is formed in the whole surface, and it is n+ further. Sequential 
formation of the tungsten silicide film 304 and the silicon nitride 305 is carried out on the mold 
polycrystalline silicon film 103. After an appropriate time and n+ The mold polycrystalline silicon film 
303, the tungsten silicide film 304, and the silicon nitride 305 are processed by the usual optical 
SOGURA fee method and the usual RIE method, and the gate electrode 303,304 is formed. 
Furthermore, the silicon nitride 306 is deposited and the spacer section (gate side-attachment-wall 
insulator layer) is prepared in the side attachment wall of the gate electrode 303,304 by the technique of 
the side-attachment-wall remnants by RIE. Then, one pair of source drain fields 307 are formed by well- 
known ion-implantation and heat treatment (annealing). 

[0101] Next, it progresses to the process shown in drawing 5 (b). First, once it deposits silicon oxide 308 
on the whole surface with a CVD method and performs flattening by the CMP method after that, the 
contact hole 309 which is open for free passage to one source drain field 307 of the above-mentioned 
MOS transistor is punctured. 

[0102] Next, the tungsten film which forms the TiN film 3 10 as barrier metal film, and serves as the bit 
line plug 3 1 1 continuously like the 1st operation gestalt is deposited on the whole surface with a CVD 
method, and pad formation of the bit line plug 3 1 1 is carried out inside one contact hole 309 by 
removing the tungsten film with the still more unnecessary exterior of a contact hole 309 by the CMP 
method. Then, silicon oxide 3 121 It is silicon oxide 3121 about the bit line 313 which deposits on the 
whole surface with a CVD method, and consists of a tungsten according to a DAMASHIN process. It 
embeds and forms inside. 

[0103] Next, silicon oxide 3 122 It deposits on the whole surface and is silicon oxide 3121 and 3 122. 
After puncturing the contact hole 314 which is open for free passage to the source drain field 309 of 
another side, the capacitor plug 316 which consists of TiN film 3 1 5 and a tungsten as well as the TiN 
film 310 and the bit line plug 3 1 1 is embedded and formed in a contact hole 314. The capacitor plug 316 
is electrically connected to one source drain field 307 (active region of a transistor) of an MOS 
transistor. 

[0104] Next, it progresses to the process shown in drawing 5 (c). First, thick silicon oxide 3 17 is 
deposited on the whole surface with a CVD method, a slot is punctured to silicon oxide 3 17 by the 
optical lithography method and the RIE method, and the sequential deposition of the thin silicon carbide 
film with a thickness of about lOnm it is thin to a protective coat 318, and the ruthenium film used as the 
capacitor lower electrode 3 19 is carried out with a CVD method on the whole surface so that the inside 
of this slot may be covered after that. It is made not to embed the interior of the above-mentioned slot at 
this time. 

[0105] Next, the silicon oxide of the thickness which embeds the interior of the above-mentioned slot is 
deposited on the whole surface with a CVD method, sequential polish of the above-mentioned silicon 
oxide, the above-mentioned ruthenium film, and the above-mentioned silicon carbide film is 
continuously carried out by the CMP method, the above-mentioned three film of the exterior of the 
above-mentioned slot is removed, the above-mentioned silicon oxide inside the posterior canal is 
removed alternatively, and a protective coat 318 and the capacitor lower electrode 3 19 are formed on the 
inside of the above-mentioned slot. 

[0106] Next, after depositing the BST film used as the capacitor dielectric film 320 on the whole surface 
with a CVD method, the ruthenium film used as the capacitor up electrode 321 is deposited on the whole 
surface with a CVD method so that the interior of the slot formed in silicon oxide 317 may be 
embedded. 

[0107] Next, pattern NINGU of the above-mentioned BST film and the above-mentioned ruthenium film 
is carried out using a photolithography and RIE, and the capacitor up electrode 321 which consists of the 
capacitor dielectric film 320 and ruthenium which consist of BST film is formed. Then, in order to 
remove the damage of the capacitor dielectric film (BST film) 320 produced at the time of Above RIE, 
heat treatment of an about [ 600C ] is performed under an oxygen ambient atmosphere. 
[0108] Under the present circumstances, although a part of oxygen also arrives at the bottom of the 
capacitor lower electrode 319, since the diffusion barrier property to the oxygen of the silicon carbide 
film which is a protective coat 3 18 is high, the tungsten film which is the capacitor plug 3 16 of a 
substrate does not oxidize. Moreover, the silicon carbide film does not bring about a failure at all in heat 
treatment accompanying the above-mentioned capacitor production process among oxygen, in order that 
the ruthenium film which is the capacitor lower electrode 319, and the tungsten film which is the 
capacitor plug 3 1 6 may not react. 

[0109] Then, according to the well-known approach, the stack mold DRAM will be completed through 



'the upper metal wiring process. 

[01 10] In addition, although the ruthenium is used for BST, the capacitor up electrode 321, and the 
capacitor lower electrode 319 with this operation gestalt about the capacitor ingredient at the capacitor 
dielectric film 320, it is not limited to such an ingredient. 

[01 1 1] For example, to the capacitor dielectric film 320, it is possible to also use compound conductors, 
such as platinum, iridium, and a strontium ruthenium oxide, for the tantalic acid-ized film, the capacitor 
up electrode 321, and the capacitor lower electrode 319. 

[01 12] Moreover, although the silicon substrate was used with this operation gestalt, for improvement in 
the engine performance, such as improvement in the speed of DRAM, it is good to use a SOI substrate. 
[01 13] In addition, this invention is not limited to the above-mentioned operation gestalt. For example, 
although the above-mentioned operation gestalt explained the case where it was suitable for FeRAM and 
DRAM in this invention, this invention is not limited to these semiconductor devices, and can be applied 
to the semiconductor device which has conductive plug / electrode structure. 
[01 14] In the semiconductor device which has a ferroelectric or a dielectric thin film on conductive 
plug / electrode structure especially, it is effective. Also in this case, the manufacture approach of of the 
semiconductor device and a semiconductor device equipped with the structure which has arranged the 
ferroelectric or dielectric thin film which was excellent in the property on a plug / electrode structure can 
be realized now like the above-mentioned operation gestalt. 

[0115] Moreover, what is necessary is to be **** which is pure oxygen (02), and just to be under an 
oxidizing atmosphere that there is nothing, although the above-mentioned operation gestalt explained 
the case where elevated-temperature heat treatment was performed under an oxygen ambient 
atmosphere. 

[0116] Furthermore, invention of various phases is included in each above-mentioned operation gestalt, 
and various invention may be extracted by the proper combination in two or more requirements for a 
configuration indicated. For example, even if some requirements for a configuration are deleted from all 
the requirements for a configuration shown in an operation gestalt, when the technical problem stated in 
the column of Object of the Invention is solvable, the configuration from which this requirement for a 
configuration was deleted may be extracted as invention. In addition, in the range which does not 
deviate from the summary of this invention, it deforms variously and can carry out. 
[0117] 

[Effect of the Invention] As explained in full detail above, according to this invention, oxidation of the 
plug by heat treatment under an oxidizing atmosphere can be effectively prevented now by using the 
silicon carbide film as a protective coat for protecting the plug of a plug / electrode structure from 
oxidation. 



[Translation done.] 
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SOLUTION: After an upper surface of the capacitor plug 116 is 
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silicon carbide film as a protective film 117, a capacitor lower 
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and a capacitor dielectric film 119 are formed. 
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